
LA-IJR - 94-1838

T/t/e:

Author(s).

Submilled to

I

ENVIRONltHiTA1. RADi AT I!~S MOSITORIX(; 1’L.AX FOR I) E1’1.ETED

URANIUM AND BERY1.1.lL21 AREAS, YLWA F’RLJVING GROUND

Michael 11. Ebing~r

h’il)’rll” R. Hansen

Project Report

LosAlamos
NATIONAL LABORATORY

_ .—. _—
—~ ~-_ —.=---——-————.——. .——. --—._--., _.=.—-- —-- -== ----.-..-..+y=..,._=..,.. L-= - ~.

.==== _.. . . . ---
— ..—.

--- .’ ..- ... . ... . . .. ... . . .. . .. ij~~~”~-

[!/

mmmmo~ OF rw DOcUMEhJT IS uNLbMm2D “‘
Loa Almnoa Nmional Latwaloq. an athrmativa amof@qual opfmrlunily en’pldyer, iaoparalad by Iha Urweraily 01Calilorma for Ihe U.S. L)eparlrnanl o! Energy
urdor amzred W- 7405-EMG 36 By acceptance d this attdw,Iha @ksfw racqtIzM Ihal lim U S. Govemnwm retains a nonexclusive, royally free hcanse w
@oh of rqmdtax Ihe ~ahad km of Ihk comnbuton, or 10 al- othem 10 do W, Ior US Governrnenl purpsm. The Los Alarrm Nalional Laboratory

f~m Ihaf UN P@Jhhar IdOnII@tk Wide as wrk padom’md LIrdaf the aua@csa d lha U.S. Dapwlrmn{ d Ermrgy.

About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov



ENVIRONMENTAL RADIATION MONITORING
PJ.AN FOR DEPLETED URANIUM AND

BERYLLKJM AREAS, YUMA PROVING GROUND

Prepared !br the ‘I”cst and Evalua[im Commwld,

l:. S. Arm)

Michael H. Ebinger

and

W’sync R. i !ansm

Environmcntdl Science Group(I;ES-15 )

Los Alarms National Laboratory

DISCLAIMER

Thit repx[ was prepsmd as an iiccuunl O( wurk spmrsurul by an agency uf lhc United Smles

(jrwcrnmcnl Nci[hcr lhc lJnmd SIiIIcs (i.wcrnmcnt nur any isgcncy Ihcrcaf, nor any uf [heir

rmpluyem. makes any warrtsnly, express ur implied, ur assumes any legal Imbdily ur rcspnsi-

hih[y for (he accuracy, complelcrscss, or u.ufulncss of any mfurmirlmn, apparatus, product or

prrxcss dIM+Jwd, or rcprcscnls [hat ils usc wuukl nul infringe privately uwncd righls, Kcfrr-

cnce hcrcm 10 anv spmfk commcrciisl pruduc[, prtiss. or scrvi- by lrtidc name. lrademark,

munufuclurcr, or olherwmc dues rrul necessarily corrslllu(c or imply its cndurscmcn(, rccom-

mcndsrliun, or (uvormg by Ihc (Jrri(cd SKSICS (iovcrnmcnt or WIY agency therwf. The views

and opinwrs uf irulhurs cxprcsscd hcrcm rlu nut ncccssfrily sla!c ur reflect I!SUSCur iht

(Jrnlcd SliIIcs (iovcrnmcrrl ur isrry tiBcncy lhercd

I 1 May I ‘W



List of Figures ........................................................m..m..................m........m..........................ii
Abs[ract ............................................................ ................................................................iii
lnwduction ............................................m..........m..............................................................l
Environmental Pathways for DU and Be .........................................................................3

Potential Pathway for Contaminant Migration ...................................................6
Soil to l]lats ............................................................................................6
Soil Erosion ..............................................................................................7
Soil to Animals ........................................................................................9
Plants to Aninlals .....................................................................................`)

:lninla!s 1(1Animals .................................................................................l O
,lnimals to l{unlal~s ..................................................................................l O
Su[l]lll~l~ (n- I’Lllll\Vil)’S . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..10

Kofa Range ((iP 17A. (;1]20. and GP 4) .....m.........m...mm..m.m.....................................m.....m. ...l 1
l-k\ironnwntid Pathways illld I)rl~ccsscs ..............................................................l I

Ill! l)cposition ......................................mm.........m..m....................................l I

Incorporation by PIMls... m......mm..........m..m...m..................................m.....m.....l3
Ingestion by Small Animals ............m..........m..................................m...m......l3

Ingestion by Larger Animals ...................................................................l7
llulnans ..m..m.........m.......m.......m...........................................m.............m..........l7
Summary of Pathways ..........................................,,..,,.,.,.,.. ..................... 18

Environmental Sampling. Kofa Range .............. .................................................. 18

Soil Si~lllp]ing ...........................................................................................l(J
Soil I{rt3sion...........................................................m..................................2O

I{rosi(m Sampling. 7-)....................................................................................---

1)[.1Resuspension .....................................................................................23

\.qyliltion 74................................................................................................A

Biological Samples 75................................................................................... .

DIJ and Ik at the Hard Impact and Soil Impact Ranges .................................................27
%nmling D1l and HC M YP(i ..............................................................................27

13eSampling ............................................................................................28

linvironmcntid Sampling. I lard lmpw ml Soli lmpx[ Arws...........................29
Soil Sulllpling .............................................................. ............................29

Willcrl.rmsporl Sumpling ...............m.................................................... ..29
\“c@uitm Sulllplitlg ................................................................................2~)

:Iir Stilllpling ............................................................................................3()
llit)l(jpiCill Swnpling ................................................m......... .....................30

:\ddili(mul }’l)(; I{nvirtmnwnlal Sillllplillg ..........................................................3l
Anul}[ictil Nlc[h(]ds liw 1)[1 iln(l Ik .................................................................................ll2

1)[. ,\il;ll:sis.,..., ...................................................................................................32
13u:\llulysis ..................... ........................ ............................................................34
(Juiili(~ ( (mholi’~hdi[y Assurtinw (OA/(.)(’) .....................................................35

Kultrcilc`cs ..................................... 37... .,,,,. .........................................................................
Appcmlix A ............................................................................. In................................ .........

i



I 1s[ ~)!” 1:1(1(Ill s

I:igurc 1. hlap 1)1’YPG showing IIWareas of interest for this bHvl. . .. ............................4

Figure 2. YPG ecosystem mtxicl. Arrows indicate transfer of WI from different
compartments. .m...........m..................m......................m..m............-.. -..............m.......5

Figure 3. DU recovered at GP 17A and GP 20 as of Ilxxmbcr, 1992 data. l.otal DU
recovered was 5489 kg ............................................................... ....................14

Figure 4. DL! conccntraticm in soils tit GP 17A. I]WI nom grids norh of the tiring
axis (Priw. 1991) ............................................................................................l4

. I 70 I):1[:1lfon~ pj~js lltlllll (~1.Ilk’l:igurc 5. 1)1”c(mccnlrnlitm ill s~)ils :11(II - .

!iring wiis ................................................................. ...................................... ]5

Figure 6. 11[; wmccntrations of wgctation at ( ;P 17A. I’hta Ihn grids north oi- the
tiring axis Price. 1991) ...................................................................m... ....15

Figure 7. DIJ concentrations of vegetation at W 17A. Data from grids north of the
tiring axis (Price. 1991 ).............................................................................l6

Figure 8. Catchment Facility plan, GP 17A ................................................... Atmchnlcnl 1

I:igurc 9. I.aguna Quadrunglc Map. Shwl 31W IV ....................................... AtMchnlcnt 2

I:igurc 10. Rcd llluff Mm. Quadrangle Map. Shcel 3149 I ........................... Attachment 2

I:igurc 11. 1{(111(juwirmglc Map. Shcut 32W IV .......................................... A[tachnlc[~t 2

I:iguru 12, Smvu] Quahung]c Map. Slwl .324(~l .......................................... Altacllnlcnl 2



“l-his Lnvironmcnhd Kadiation Monitoring l’lan (liRhl ) discusws sampling soils.
vcgctat ion. and hiota for dcplclcd uranium (11[I) and bcnllium (Ilc) al }’uma Proving Ground

(YIW). The existing ERM plan was used and modified to more adequately assess the potential
of DIJ and Be migration through the YPG ecosystem. The po[ential pathways for IXJ and Bc
migration are discussed and include soil m vegetation. soil to animals. \’cgetation to animals.
animals to animids, and animals to man. Sampling for [hc Lil) 17tl and W 20 arcus includes
establishing transects pcrpcndicdar to the lines of Iirc. si~pl~ collection along the transect will
show DU deposition and will be used to estimate DU migration. The number of samples born
each arcu varies and dqcnds on if the tiring 1.:ngc of inlcrcs[ is curnmdy used ti)r DU testing
(GP 17A) or if the range is not used currcmly for Ill ~testing (GP 20). The numhcr of annual soil
tind vcgctalion sarnplcs l-or inwli~u rimgcs is 12. whcrcus lhc numhcr (If samplm from aclivc
r;mgcs is 70 CilL.11t)!.soils imd \ ~’gclalion. “l”u~’:l[y[() lhir[)-li\c inditiiiu:ll m:mmmls tw li?ards
will bc sampled from Vdch transccl will also bc collcctcd and analyzed. Air samples and sarnplcs

Ui-dust in dw uir lidl u ill bc coll~.c[m.lin a: lutist three locations in k iitti~~ rmgcs. “1.hirty [(~
forty -tlvc scdinwnt smnplcs \vill he collcctcd from dillkrcnl locutions in the arroys ncm the
impacl areas.

1)[.! and Be siunpling in the 1lard Impact and Soft Impact areas chiu-rgcd only slightly

from the existing ERM. The modi~lcations are changes in sample locations. addition of two
scdimern triisporr locations. addition of vcgclation samples at (11csiune locations used lix soil
samples, tcn to twenty mammal samples, and air sampling fiwm three to five positions on the
impact areas. A total of 25 to 42 samples will be collected from the Hard impact and Soil Impacl
Areas.

Analysis of samples Ibr 111I or total U by inductively-coupled mass spectroscopy
(l(” P\hl SI. u spuctrt~scopy. nculnm ilc[ivalioll iin:d)’sis (NAA). and kinetic phosphorimc[ric
analysis (KI’A ) arc discussed. imd analysis for 13cby lCP\MS arc rccornnwmhxl. l!stablishing
lhc source 01.1J in siunplus is im important uspcct 01-lIw sampling LUU,Iwudysis program.
Acquiring I(JM [ I (no isohqw data) from ii Iargc mmhcr of samplw iitd analysis of those
samples with relatively high total (J concentr~tions results in liwcr iso[opic idcnti!iciltions but
more inibrm .Ition on 11Jislribulion. I:rom previous studies. total [J cwxnmtrat ions grcil[cr thun
ubout 3 times natural background arc usually D(J by isotopic confirmation. Finally. wc
rcwmumcncl lhc usc of chain of custody lbrms to document swnplc handling and iinidysis from
tlw poinl t~l”c(dlcction to the tinw wlwn the data urc rqm-twl, .I”hcdu[u should hc stored
clcclronicul Iy on J personal cmnpulm-luuwl dalti base for ciIsc ot”tracking and simplilicd
rcp~ming {il.cm”irtmmcnt~ll dilld.

...
Ill
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‘I-his Environmental Radiation !Amitoring (ERM) P!an is intended to update the

ERM currently used at Yuma Proving Ground (YPG) f?wcollecting soil. sediment. and

air samples (U. S. Army. 1990). Our recommendations are to modify the existing ERM

sampling in order to sample the compartments and processes that most affect DU

behavior in the YPG environment. Previous ERM reports show DU and Bc data tl-om 50

[o over 100 siunplcs of soils and arroyo sediments each year and approximately 300

sanlplcs from cominuous tiir m(mitors each yuar. WC suuucst modifying sampleL.

col lcction to more micquady cover the soils. sediments. vegetation. and biota of the

tmvironmem lmscd on [hc iich.i umi modeling study.

l%e updated ERM incorporates the work conducted by Los Alamos i-mm 1990

through 1994 at YPG cm the environmental fate of depleted uranium (DU). In hat work.

eeosystem modeliig and field sampling were conducted to evaluate the environmental

pathways that are important to IN migration through the ecosystem. The modeling and

Iicld sampling suggest that previous ERM sampling of soils. sediments. and air should Iw

modilicd to more fully monitor the importimt pathways u:ld processes responsible ibr 11[J

migration. In pm-ticulw, more soil sa;nplcs should be collected from the impact areas.

and the fkquency of sampling could be changed to twice yearly instead of quarterly:

arroyo sediments should be collected closer to impact areas. and more samples should bc

collected; additional. periodic air sampling is suggested and should hc conducted on [he

impact arms. and biological siunplus should hc ilddcd to lhc l{RM sampling in order to

ussuw I)1 I im.1 Iwry Ililun (I]c ) contiuninalion of sndl nu.mm:ds in [hc food chain, Wc

extended the existing I{RM plan. incm-poriting as much of it w possible in ~hc

mtxiilicutions. “I”hcproposm.1 nmiilic~itions of tlw existing I{RM pliin. h(nvcvcr. should

m.)t~ilust Iwgc }.~iil~schanges in the wuv I;RM sumpling is conductud ut YP( i. ‘I”hc

details (11.Ihcsu suggustitms will k discussml below.



Sanlpling in support 01”prcvi(ws I .RN1 plans is d(kwnhmhd in several reports lhill

show little Ill J was detected in the environment cxccpt a! known impact areas. The

rationale behind the sm.lpling reported in previous reports was sound. although the data

could not be used directly for assessing risk of the DU testing program to the

environment. Information about the YPG ecosystem obtained through ecological

modeling and field sampling hy staff from Los Alamos and Colorado State University

suggest sc~cral modifications [o the existing cnvironmenta] sampling. Since the

ccos}smn m(dcling was Axigm’d to idcntil~ parmmxrs that most afltct the wmmnt oi-

1)1~transport in the ecosystem. ERM sampling is most cost effective \vhcn those

parameters are sampled and reported. ‘I-hemost sensitive parameters identified in the

ecosystem modeling can be considered “indicator processes” or “indicator species. ”

Indicator processes refer to physical or chemical transformations that control the

migration of DU in the environment, whereas indicator species refer to animals and plants

that show effects of DU in the environments. 1ndicator processes or compartments

should bc the Iirst atlccted parts ofthc YP(; ecosystem and should show the highest Dl!

concentration according to the ccosystcrr models and Ileld sampling. These

recommendations account (or and uti Iizc the irdbrmation about transport pathways

discussed below. and will provide data tha: can be used in the iiturc to assess the effects

of D(J in the Yl% environment.

Thu previous ERM plan (U S. Army. 1990) and several ERM sampling reports

pro\idc the background on the YPG impact arms. geological setting, climatological

summary. and dw usc pattcms of the YPG area. ‘I”hcscreports are left as refmmccs and

should bc consulted if further information on the ovcriill YPG area is nemlcd. ‘1’hc

pr~isent l{RM plan will discuss the impo tuncc of pathway tinalysis in assessing the

impact of I)[ J Icsling tm [hc cnvirmmwnt and the spcci lic linpi~~[ tirms A cnvironmcntul

monitoring required in each impact area. A section on analytical mcthmis that should bc

UWI Ihr the analysis 01 the l;Rhl samphx is included. as well as guidance on the :ypcs of



smnplustt}cl~llcct aldifttrcnt sites. I;intilly. wcdiscussthc nulillwrot’sumplcs [htit

should bc collected and the locations for these sanl~ies.

Depleted uranium is found in two areas at YPG. First. D(J pcnctra~ors arc tested

at CiP 17A and GP 20 cm the west end of the Kofa ilring range. DU ~csting al CI~J17A

will also include programs moved fhm Jefferson Proving Groumi as part o!’BRAC. A

Few catchment facilitv will be constructed on GP 17A for the former .IPG testing. and the

sampling plan below includes the nc~v ca~chment Iticililj-. The second area ~yhere DIJ is

f(~und and tlw (ml: area ~vhcrc Bc is found is lhc caslurn por[ion ol”[hc KOPJ Kangc USC(J

for testing nuc-lcar ,artillcr~ mock-ups. “I”csting of the mock-ups Iwgan about 1954 and

continued sporadically} umil ubout 199(1. “1’hcgeographic areas t)~’intcres~ for this ERM

are shown in I-_igurc 1.

EIW’IRONME~lAL PxrHw’AYs FOR DU AND BE

The 1990 ERM document ([J. S. Army. 1990) showed the following pathway for

D(.; migration in the environment: Source + Soil + Run off+ Vegctaticm + Animals

+ Predators + Humans. This pathway Ivill be discussed in the context of the conceptual

model shoi~n in I;igurc 2. and the present ERM plan Ibr YP(i lvill be developed.

Transikr of DU and 13cthrough the ecosystem involves many interactions between

di!fercnt parts of the ecosystem as depicted in Figure 2. The linear approach to DU

transler in the 1990 ERM plan approximates the migration from source through the

ccosystcm. but dots not show the interactions bctwccn compommts such as runoi~

(erosion) and differences in D(J ingestion by small hcrbiv(wcs and Iargc herbivores.

‘I”hcsource of 1.11J on the Kofii Range is from testing of tank munitions against

s(~li targets al (i]’ I 7A and {;}) 20. “I”hcsource of D(.1and Hc in the artillery impact areas

is from testing of [hc mock nuclear ur[illcry rounds. ‘1’lwti$o sources arc different in

terms of total amount of DU and Bc placed in the environment as well as in the mode of

Dl! and BC disprrsal through the ecosystem. The amount of DIJ on the Kofa Range is
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much grea[cr than the arnounl lirwl in [hc hc anillcr)’ tests, lurlhcmlilru. rcc(ncn tlf [hu

tiillc~ rounds aiier impact was originally part of Ihc testing pl’m. \vhcrc is rccovcv of

each round fired at GP 17A or GP2~) is impractical and would hinder testing clTorts

F’otential Pathways for Contaminant Migration

There are several potential pathways for DU and Be introduction [o and transprt

through the food wcb ~hat include small insects. reptiles. small and large mammals. and

humans ( I’igurc 2). I lowtvcr. nl~t all l~tthusc palhwa:s c~mtritmtc qual]y ttl the 1)(1 that

could be transkrmxl M hunmns. Modeling of Ill! m.nsfcr shows tha~ small herbivores

(e.g.. kangaroo rats) accumulate D(J from soil ingcs[icm and consumption of DL!-

contaminated ~egeta.ion. but large herbivores. while exposed by these pathways do not

accumulate DU. DU accumulation in small herbivores is due to their close proxin-.ily to

contaminated soils and vegetation in the impact areas. Transfer of DU in soils accounts

for most of the Dl! in the small herbivores and controls the amount of DU available for

transiiir to the food chain. Examination of the different environmental pathways shows

the ecosystem components that should be sampled in order to demonstrate the eflects of

DU migration on the YPG environment and on humans.

Soil 10 Plum. The soil to plant pathway consists of two means of DU transjer:

1) incorporation of DU through plant roots into plant :~ssue (incorporation); and 2)

deposition of D[J-contarninated soil on plant surfaces (surface deposition). The

vegetation is sparse at YP(; as -* -whole. but there are areas where sigmth.nt plant growth

occurs. one such area is to the west of the Hill and 13irm area at (11]20: another is along

the mroyos that dissect the entire Kofa Range.

Ill 1 is available to plant roots when plants grow in soils contaminated with DU.

[Jptakc of I)(! (or (J) by plant roots and incorporation within plant tissue is docurncntcd

(Whicker and Ibrahim, 1987; Ibrahim and Whicker, 1988). Ratios of lJ concentrations in

plants to the [J concentrations in the soils in which [he plants grow range from about 3 x
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10~ to 8 x 10-I and depend on the concentration gradient of DU from soil to roots, IX-J

particle size, and the chemical form of the particles. The areal distribution of DU is also

an important factor in DU incorporation. Where low concentrations of DU are found in

soils. plant roots will not be able to incorporate the DU as readily as when plants grow in

soils with higher DU concentrations. Because of the sparse vegetation and small area

(100 to 500 mz~ contaminated by high concentrations (>35 pCi/g-soil). incorporation of

DU into plants is of minor importance.

Deposition of D(J is significant t}om wind-born soil. soil ejected as a result of

penetrator impacts. or. to a small degree, from raindrop splash (Dreiccr el al, 1984).

Price ( 1990) shows that vegetation in the impact area tends to have higher DU than

background. and field measurements at YPG show that DU-containing dust on the

surface of plants is significantly greater than background. DU on plant surfaces, while

not affecting plant metabolism or growth obsemably, is available for ingestion by

animals.

There is not enough DU on C)i inside the plants to cause noticeable toxicity to

plants. but transfer of DU from soil to plants by air fall. resuspension. or actual DU

uptake must be measured to estimate the effects of DU on ecosystems and humans. The

animal pathway will be discussed below.

Soil Erosion. Erosion of DU from the surface of desert pavements and soils is the

main mode of DU transpwt at YPG. Liltle vertic:d movement of DU was observed in

soils at YPG (Ebinger e~ al, 1990). but tens to hundreds of mg-U/g-soil were found in

arroyos adj scent to impact areas and in soils subject to penetrator impacts, Water erosion

of DU fragments. mostly of particles less than 2 mm in diameter, increases the area of

D(J contamination beyond the immediate impact area. Plants and animals that range

outside the impact areas can be alTected by [)[J from testing after deposited DU erodes

from the impact area. “rransport of DU via water erosion also dilutes or decreases the

concentration of DU in the sediment or soil. and the dilution increases as the distance
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from the impact area increases. Water erosion of DU fragments is considered lmpm-tant

with regard to the ecosystem near the impact areas but less important as distance from the

impact areas increases. The largest effkcts of DU on plants and animals will be in the

contaminated areas closest to the impact areas.

Water erosion is the most likely process to cause removal of DU from YPG to the

uncontrolled environment south of the YPG resemation boundary. However. the effects

of DU erosion on human health are small, less than 1 cancer death in 106 cases ( 1 in

1.000.00) according to the ecosystem model results. Sampling Castle Dome Wash at the

southern YPG boundary should be conducted to show if DU is present at the boundary.

DU concentration is expected to be background at the boundary because of the extreme

amount of dilution with “clean” sediments .as distance from the source area increases.

Samples from arroyos that flow into Castle Dome Wash and drain the impact area should

also be collected to determine the amount of DU that is removed from the impact areas

before it is diluted to less than detection levels by uncontaminated arroyo sediments.

DU is also transported by wind erosion, and deposition onto plant surfaces of De-

contaminated soil is significantly above background in the vicinity of initial impact

locations. The important aspect of wind erosion is the resuspension of DU particles into

the air and subsequent deposition of the particles either on soils, desert pavements, plants

that are used as a food source, or directly onto animal pelts. Inhalation of DU by animals

and humans also becomes a consideration, especial Iy to workers in the impact area and in

and around the new catchment facility scheduled for construction at GP 17A.

Redeposition of D(J particles from wind to plant surfaces significantly changes the

amount of DU that is available for ingestion by animals. Onc study of the GP 20 and GP

17A areas shows elevated D(J on vegetation samples (Price, 1991). l;ield observations

and measurements with a pm-table radiation detector also indicated that dust coating thu

leaves of trees and shrubs contained DU. While analyses were not made before or aller

washing. the ileld sample information (Price, 1991) suggests that DU-contaminated dust
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increased the apparent ~U concentration of the plants by coating the outside of the plants.

The transport of DU through resuspension and redeposition is considered a major

pathway and influences the amount of DU in the food web and the amount of DU that

could be inhaled. Modeling results also suggest that wind-borne, DU-contaminated soil

is a significant source of DU to the YPG ecosystem, although it a smaller effect than from

DU transport via water erosion.

Soil 10 animals. Soil ingestion by animals is a!so a signiilcant pathway for DU

migration. lngcstion of tens to hundreds of grams of soil per kg of body mass is common

in animals including deer, coyote, mice, and lizards. Modeling DU transfer through the

food web showed that soil ingestion was one of the largest factors influencing the DU

ingested by animals. In the model, the largest DU concentrations appear in the smal I

mammals. specifically in the kangaroo rat (Dipfoyms sp.). and one of the largest

contributions of total DU in kangaroo rats was from ingested soil.

Contaminated soil also adheres to the pelts of animals. While the amount of DU

that would be transported on pelts is small, there is no reliable data on external dosimetry

for animals of interest at YPG. Thus, the effects of radiation exposure from pelt-borne

DU are unknown but expected to be small because similar skin exposure to humans is

small. Of more impo-ce is DU ingestion by predators when they consume prey with

DU-contaminated pelts. Modeling the effects of predators ingesting DU-contaminated

pelts showed that about I WYO of the total DU concentmtion in predators could come from

DU-con~aminated pelts. The elevated levels of DU predicted were less than the soil

concentrations and Icss than 1)[1 ccmccnlralions in prey animals. Animal sampling should

be done in a manner that isolates pelL DU from internal DU.

Phinls I(JAnimals. Animal ingestion of I)lJ by way of plant consumption is the

major pathway of consideration at Yl](i. 11[J incorporation by plants is a minor pa(hway

for D(J transport for reasons rncntiorwd previously, but ingestion of I.)[J deposited on the

surface of plants is significant. Impact areas where 1)(J dust contamination is greatest
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provide the highest Polential for DU ingcslion by animals from plants. Sampling

vegetation will show the amounts of contarnhmnts ingested by the animals that use the

vegetation as a food source. A more detailed sampling scheme would show the

contributions of surfacedeposited DU on vegetation in relation to DU taken up by the

plant roots. Analysis of vegetation samples that have been washed will p;ovide data on

the amount of DU crossing in to the root membranes. and analysis of the wash water will

show the amount of DL1that is on the surface of the plants.

.4nimd.s 10Animd~. Consumption of primary consumers by animals at higher

trophic levels accounts for ano~her pathway of DU migration at YPG. DU ingested by

predators from planls and animals that carry DU is Icss than the DU ingested by primary

consumers (i. e.. kangaroo rats). Thus. animals at highe~ trophic levels (predators, large

herbivores) are inherently at lower risk of adverse health effects due to DU contamination

than the small herbivores. The potential for DU transp~rt via the predator pathway,

however. is large enough to warrant continued monitoring of this pathway.

Anitnul.f to Humans. This pathway becomes significant only when animals that

contain DU are consumed by humans, No farming or ranching occurs within the

reservation boundary. and there is only minimal hunting of animals that live in or migrate

through impact areas. While the potential exists for DU transfer to humans through

consumption of animals, the probability of this occurrence is low as long as human access

to the firirlg areas of interest is controlled. There is no evidence that D(J migrates off site

in sufficient quantities to elevate the health risk to humans south 01”YPG toward Yuma.

,Yumtmrv ofi’ulh}tvys, ‘I”hcrcarc several environmental puthways and proccsscs

that are important in controlling the amount of I)( I transfcmd into and through the Y])(I

lh.i web, Plant uptake iid incorporation Ir(ml soil. while small. provides onc means of

introducing 1)11to Ihc food wuh. More imporhmt is 1)( I-contwninutcd soil thut is

deposited on the surface [~1’plants. “I”hcI)(J touting then bcconw., u nwms of introdu~ing

mg-(J/kg concentrations inlo the food web.
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Inhaled DU dust is one potential pathwa} 10 humans. ]nhalation of DU through

routine work at YPG is not expected. but inhalation due to dust-creating activities cm the

firing sites could occur. An inhalation pathway alao exists for animals, especially the

small herbivores that live near the soil surface and bunow into soils. Soil in~estion by

animals is another potentially impml.ant pathway for DU trar.sfer into the f60d web, and

is correlated with the inhalation pathway for small herbivores. Soil erosion by water and

wind controls most of the DU transfer through the ecosystem.

IKxkposition of eroded D(J-containing soil is also an inlpt~rtant process and

results in small concentrations (10-100 mg-U/kg-soil) of IN in many of the arroyos at

YPG near impact areas and is the source of measurable quantities of DU dust found on

plant surfaces in the impact areas. I’hese pathways and processes stand out as the most

sensitive parameters in the ecosystem models. Therefore, the present ERM plan will be

concerned with modifying the existing ERM plan to incorporate the YPG ecosystem

information.

KWA RANGE (GP 17A, GP20, AND GP 4)

‘I”csting of D(J pcnctrators at (;l) 17A and (;P 20 began in 1982 and continues at

prcwnt. The impact areas of these Iiring positions and the surrounding environment arc

present] y being studied for the environmental fate of NJ fragments deposited as a result

of the testing (Price. 1991; Ebinger w d, 1990). The study in progress shows that there

are suvcral ptithways by which D(J can migrate and bc incm-pomtcd into food chains or

redistributed in the cnvironnwnt.
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rest doumrangc. }:ragnwnts of 11(J arc shww-1 or ground off b}’ friction etich tinw the

penetrator hits the ground. Fragments ranging in size from sub-millimeter to several kg

have been observed in the impact areas. It is also common to see “spray zones” of De-

contaminated dust that is ejected from an impact crater. carried by the wind. and

redeposited on undisturbed desert pavement, so;!, and vegetation 10 to 50 meters from the

impact site, Field measurements have shown [hat DU-contaminated dust maintains 11(.1

concentration signi~icantly above hackgrotiild in the spray zones.

l:ragnwnts too Iary tbr l~ind transport tend m l-wbllricd in (1wst~i1~of the impact

area or remain on the surface. TIWSCfragments are subject [o ~ransport hy w-atcr erosion

and weathering due to oxidation of the DIJ metal. The utathering products are the

brightly-colored yellow rinds and fine particles that are regularly observed in the impact

areas. Small penetmtor fragments and the yellow weathering products can be moved by

water that tlows over the impact area as a result of summer rainstorms of high intensity

and short duration or by low intensity. long duration winter storms. Intense

thm.lcrs~ornls are common in the summer. and infkqucntly r~~~ilt in exlensivc flooding

of Ihc Yl% area, The present environmental fate studies suggest that signikant DU,

especially the weathered products. am relatively easily transported by the intermittently

running water that comes from yeiarly precipitation. Smiill D(J particles arc moved into

washes by water moving in gullies or overland, then is mixed with arroyo sediments and

“hushed” through the systcm of successively larger drainages. ‘1’hcarroyos that drain the

impuct areas coalcscc and ~low into {’astlc I)omc Wash within a Icw miles oi’ the impact

m-cm. I)1 I ruiistribu[ui by wtitcr crosi(m is cxtrmncly di I’licull to track Iwcausc of the

complex mixing that occurs w the D! I is incoqmriitml in[o the bcd load ofthc

successively Iargcr arroyos.

IMN Ir(ml I)1 I Ikugmcnt rcc(~vury sh(w [hut rmvd (}I’(Iw lkil~ll~~i](s arc rcc(~vcrcd

fr(~nlabt)ut 3500”m tt~ilbout 6500” m dowt] mngc (I:igurc 3). Ab(~uI I ()() kg (~1’[)[ I

frUgIIIUIIS htivc kt] ~oll~~td hC(WCCIl3500-4000 M do\VIl rimgc Ik[)ln { i]’ 17A iitld ( ;1’



?~ “]-hisl~)ca[i(ln is lh~ ~ru:l l~h~re m~v Of the 111.;pcncmilors slrike the ground afkr-. .

nassing through soft ~gcts. “Jhe area is clearly gouged as the penetrators impact then

skip oIT the ground and fly farther down range. Analyses of soil and vegetation samp!cs

along the GP 17A and GP 20 firing lines show that most of the DU dispersal in soils and

vegetation is found between 3500 and 5500 m. There are significant though small DU

concentrations (10 to 100 pCi/g] at about 3500 m (Figures 4- 7). Deposition of larger

D( 1ihgments is most likely down range from 3500 m. and deposition of small fragments

and D[ I dust is likely beginning in the ma ol first impacts w tih~li[ 2000 m. ‘l-hc areas

wilh concentrations of IN l-contaminated dust. such as al 3500 m J~ould bc the most

likely areas to show redistribution of D( ! by wind or by the encrg} impwtcd when

penetrators strike the area repeatedly. Thes& obscmations from the Kofa firing areas

indicate some complexity in the DU source term that adds uncertainty in predictions of

the el%cts of DU on the ctosystcrn and humans. Therefore, the areas of highest DU

concentration and the areas of highest probable dust redistribution should be sampled as

pan of the cnvironrncntal monitoring.

Incorporu[ion h! l’hmt.v: As discussed above. plant uptake of DU from soil is

cxpccttd to be smal 1. Amd ysis of vegetation sitmplcs suggests th~t the Ill! conccntmtion

associated with plants is mainly I.NJ dust and not I-NJthat has been absorbed by the

plants. Figures 6 and 7 show I-N from vegetation and represent the sum of incorporation

and surface deposition.

/tqys/iwl hmv.Vnd/ Animals: Consuml~iion of plants and the intcrmittcn[ surlhcc

wti[cr [hut contilin 1)[ I will result in smull amounts of I)( 1ingcstiwl b!’ iminmls such as

the kangaroo rut. ‘I”hcIargcst stmcc of ingested 1)(1 tt[ Y])( i ~vill iw from vcgctiltion

cuittwl wi[h I)[ I-dus[ and soil ingestion. and the Smiillcst s[mrcc ivill ~ from 1)[ 1 in

surlkx \va[ur. Whilu mosI 1)1I cwritxl on pelts is not ingcs[ud h! tlw iltlimtils ciwrying it.

prdittors who ctmsumc [hc smalhx imimitls will ingc:t the pult-hornt I)[ 1, ‘1.bus, smi~ll

animals can rwlistrihutc 1)[ I by ingcs[ion of fbod. (~~~ilsi[~n~li~~hrtmgh drinking surfucc
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w-ate]. m by cqing D(J on their pens. Mammals. rcl~[iles. small snakes. and insects

could all be responsible for redistribution of DU in this manner.

Inges/ion by Larger Animals. Larger animals include birds, larger snakes,

coyotes, deer. and rabbits. Ingestion of DU by larger animals includes the consumption

of contaminated vegetation, small amounts of drinking water, and predation of smaller

animals. Larger herbivores tend to contain elevated DU concentrations when DU

redistribution is modeled. but the DU concentration is much lower in the animals than in

soils. In the models. 1)[1 in Ii.qy predators is uswiiy Iiom consumption 0[ smaller

animals tha~ ingested D(J from vegetation in contaminated areas or carried D[J on their

pelts,

Humans, Human consumption of animals that contain DU from the firing areas is

infrequent at present. The pathways for human consumption include hunting and

consuming animals that have ingested DU, and consuming vegetation contami,lated in

the DIJ firing areas. Human consumption of vegetation is unlikel y because of the paucity

of edible materials on the tiring ranges. ingestion of D(J from drinking water is unlikely

because surface water at YPG is cphemera!, and groundwatcr is about 600 ft below the

surface. Rabbit. deer. dove. and quail hunting could bc responsible for DU consumption

by humans. However. the animals hunted would have ranged more widely than the

impact areas, thereby diluting the DU concentration by ingesting “clean” foods from

other sources. Transfer of DU to man ~hrough the animal pathway should be periodically

assessed even if there is trivial DIJ ingestion by humans.

Contaminated dust transported by wind could lead to signiilcant inhalation and/or

ingestion of D(J by humans. especially where penetrators initially impact the ground and

dust is c,jected from the soil into the air by repeated penetrator testing, or where dust is

disturbed as u result of humtin activity (e.g., rcccwcring 1)[J fragments). Dust devils and

strong winds arc frequent in the area especially in sumnwr ml could provide adequate

wind vcloci[ics to suspend large quantities of I.)(J-laden dust into the air. Since DU is
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known to coat Ieavcs and rocks close to the inilial impact zone. the suspension of dust by

wind or human activities. including collection of ERM samples, is likely in those areas.

Measuring suspended DU dust is suggested in the impact areas.

External exposure from DU on the soil surface is another potential exposure

pathway for humans. Calculations based on the total inventory of DU at GP 17A and GP

20 indic~te that external exposure is much less than (<0.01 ?40)the smallest contribution

from the other pathways mentioned above. Because of the minimal contribution to

human exposure. surface exposure is not considered an important aspccl of this ERM.

Surnmarj. 01 Puth Mqv.v. ‘l-he pathways above indicate that small animals (e.g.,

kangaroo rats) living in the impact areas and the plants consumed by kangaroo rats would

be the first ecosystem components other than soil to show concentrations of DU, and

thus, DU migration. The soil and anoyo sediments should act as sinks for most of the

DU deposited on the firing site, thus the capacity of the soil for DU and the potential for

DU flushing through arroyos should be considered. Sediment eroded from the soils

and/or desert pavements is one of the largest redistribution mechanisms at YPG, thus the

sediment concentration of D(J should be considered. Ingestion of DU dust deposited on

plants is a signikmt pathway for animal exposure to DU and should be quantified. Dust

inhalation is a potential] y large source of dose to humans and animals. but only during

windy conditions or when human activity disperses large amounts of soil in the impact

areas, or when animals burrow and groom.

Environmental Sampling. Kofa Range

The exposure pathways of interest indicate that soils, arroyo sediments,

vegetation. and smal 1mammals that live in the impact area should be sampled. Sampling

these endpoints should indicate the magnitude of DU movement and shows

approximately how long atler depositions DU spreads from the impact areas. Periodic

monitoring will also show needs o!’remediation if any is required, Sampling of the
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endpoints such as predators and large herbivores would prm”idc valuable da[ 1about 11(J

transport through the food chain. Sampling of the predator and large herbivore endpoints.

while lower in priority than small herbivores, soils. sediments, and vegetation, would also

show the extent of DU migration through the ecosystem. This sampling could be used to

show potential effects to human health and the environment.

Soil Sampling. Soils under and adjacent to desert pavements will also show DU

contamimtion from ~netrator impacts or the result of penetrators coming to rest on

them. Prm”ious soil protllc sampling shmved only a fe\v centimeters of wrtical D( I

movement in the soil (Ebinger eI al, 1990). Thus. soils from surface to about 10 cm

depth should be sampled periodically. Environmental sampling should also be designed

to determine the area] distribution of DU contamination. not only the DU concentration at

particular points in the field through time. Sample sizes for soil samples should be 1000

g of bulk soil or 500 g of < 2mrn sieved soil. Soil sampling will show the DU

concentmtion in soils at the impact are% and indicate the areas affected by D[J fi-agments

and DU-containing dust. Since soil concentration of DU is the determining factor in the

quantity of DU migrating through the ecosystem. soil DU concentration should be

measured regularly.

The 1990 sampling plan ((J. S. Army. 1990) calls for annual soil samples at four

locations at GP 4, GP 17A, and GP 20. We recommend maintaining the existing

sampling frequency and number of samples on inactive DU ranges. On active DU

ranges. though. increasing the number of soil samples is recommended. Penetrators

impact the soil several times daily or at leas~ weekly on active ranges. and significant

redistribution of DU fragments (including DU-contaminated dust) results. Our

recommendation is to add two 1000 m transects to the yearly sampling regime on active

ranges. Ideally the transects would extend 500 m north and 500 m south of the firing

line. one transect should begin at the point where initial impact of the DU penetrators

occurs because of the high probability of DU particle redeposition. The other transect
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should he established where the Iargcst amount 01-IX ~is recm’crcd (Figures 3 & 4) and

should be sampled in the same manner as the ilrst. Data from the transects will show the

variability in the .DU soil concentration with time during firing operations. Appendix A

shows the number of samples required in this Environmental Monitoring Plan,

The number of samples horn eaeh firing site depends on if the range is being used

for DU testing. Active ranges will require 76 samples per year if 100 m transeet

sampling is used. Imctive ranges require on] y 12 samples px year.

Sampliny GP 17A after conswuction o!. the D(.; catchment facility should be

modi fled I}om the above sampling schernc. ‘l-en samples should be collected semi-

annually from within a 30 m radius of the center of the catchmen( facility (Figure 8.

attached sepr.iely) A large proportion of the area within the 30 m radius circle will be

bituminous pavement or graded and co\~eied with gravel. Soil samples shall not be

collected from the paved or graveled areas, only from the soils beyond the pavement and

within the 30 m radius. These samples will show the amount of DU ejected from the

catchment facility during munitions testing. The area affected by material ejected from

the catchrnent facilil~ will be much less than the area currently affected on the GP 17A

range. The area outside the catchment facility, i.e., down range from the catchment

f=ility, should be sampled as an inactive site as discussed previously.

Soil Erosion. Soil eroding from desert pavements and areas not affected by desert

pavements will be responsible for significant redistribution of surface-deposited DU.

Undisturbed desefi pavements arc stable with respect to erosion. Soil between rocks of

the desert pavement. however, is easily eroded by water from rainfall events. Disturbed

desert pavements also provide an erosional pathway because the protective cover of the

pavement has been removed and the erosive soils have been exposed. The present I.)U

ecological stud y shows that DU migrates across desert pavements ~vhcn rainfal i occurs at

a rate and intensi[y similar to the events that lead to 50 or 100 year floods. In a laboratory

test conducted as part of the ecological study, movement of millimeter-sized DU particles
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from descm pavements was demonstrated. Relatively large DU fragments were also

found along gull;es that are cutting into soils at the Hill and Binn area of GP 20.

Erosion of large DU fragments is expected only as a result of rainfkdl events of

high rate and high intensity. Erosion of smaller, sub-millimeter particles, however,

requires much less severe conditions. Particles of this size are common in soils of YPG

impact areas. Monitoring the amount of DU eroded from speeific Ioeations on the impact

areas will show the DU contribution to different parts of the YPG environment (e.g., the

habitat of the armyo bottoms) as well as the mass of DU leaving the YPG reservation via

the large armyos such as Castle Dome Wash.

Since GP 17A and GP 20 have tributaries that eventually empty into Castle Dome

Wash, samples of erosion sediment should be colleeted at the impact areas. Inexpensive,

passive flumes or small water control structures can be used to retain sediments resulting

from any storms over a sampling interval. The flumes or structures could be located

along flow paths (small gullies) that drain the impact areas of interest and are relatively

isolated from high flow areas such as the main arroyos. Sampling in the flow paths

would reduce the probability of losing a sampling station to flood waters in a larger

arroyo and would ensure that DU-contaminated sediments are collected. Periodically

sampling sediment trapped by flumes or control structures would provide an estimate of

DU mass tm.nsfer from the impact area.

DU recovery at YPG as well as soil and vegetation sampling (Price, 1991)

indicate several locations of interest for erosion ,sediment sampling. Most of the DU

recovered at CJP 17A and CJP 20 is from between 3500 m and 6500 m down range.

Assuming the amount recovered correlates with the amount deposited. the areas of

highest recovery would be the areas that could contrilwte the most DU to erosion and

subsequent redeposition at other locations along !1OWpath~. Recent soil and vegetation

sampling along the firing lines of GP 17A and GP 20 (Price, 1991) indicates that the

areas where penetrators initially impact the ground, especial] y at about 3500 m, have
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relatively large concentrations of small DIJ particles but low total DU inventories. Desert

pavements in these impact areas have been opened to erosion because of penetrator

impacts, and could contribute DU to nearby tributary anoyos. Sampling down-gradient

from the desert pavements will show the amount of DU being moved away from the

impact locations and available to other parts of the YPG environment.

Erosion Sampling. The sampling Iiequency and number of samples at the current

water transport locations (Figures 9. 10: Figures 9-12 attached separately) should not be

changed: annual sampling wil 1show the amount of DLJ transported by the arroyo that

includes Castle Dome Wash. However, we recommend additional annual samples from

arroyos immediate] y adjacent to impact areas, especial Iy the areas of initial impacts

where DU-contaminated soil is ejected from impact traces, and in the portion of the

impact area where most of the DU fragments are found. Sample sizes should follow the

guidelines above for soil samples.

Sediment sampling locations 2A, 9A, 2B, 9B, and 3B (Figure 9) were used prior

to 1990 and could be used for con:inued erosion sampling. or new sample locations could

be established closer to the impact areas. The ecological risk study presently undexway

shows that water flowing over the desert pavements during rainfall events can move

several kg of soil/m~ of desert pavement when storms are intense. Because of these

findings, five samples from arroyos near the locations of the two transects used for the

soil samples should be collected and analyzed. The sediment locations should be

sampled aller rainstorms intense enough to cause flow in the arroyos as discussed in the

cummt ERM (U, S, Army. 1990) or concurrently with the soil samples if there arc

infrequent rainstorms to produce channel flow for the twelve month period prior to the

sampling date. “Ile nuinber and frequency of the water transport samples will bc used to

estima[e the amount of DIJ eroding from the impact mm. ‘l’he amount of I)(J measured

in this way is also the amount of’ D(J that could migrate off the Yl}(i boundary.
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Erosion samples from GP 17A should be sampled differently after the

construction of the catchment facility. The water transport samples should be collected in

the wash closest to and down gradient from the catchment facility. The samples at the

catchrnent facility location will show the amount of DU available for migration from the

catchment f~ility. The sampling fkquency of GP 17A after the catchment facility is

constructed should be the same as for the water transport samples discussed above.

DLl Resuspension. Soils containing DU particles arc also the source of DU-laden

dust that is transported by wind or suspended in the air after deposition by repeated

penetrator impacts. DU particles deposited from wind-borne or ejected dust is a

significant source of EN-Jto the ecosystem based on the current Los Alamos study of DU

in the environment. Sampling the dust blowing from impact areas should be conducted to

estimate the contribution of dust deposition on soils and plants and thus, to the food chain

horn this pathway. Passi~,’edust collectors could be installed for known periods of time
:

that consist of large-diameter Wu@wrfdters (e.g., Whatman #42, 6-inch diameter) in

petri dishes or other suitable holders. Large-volume. portable air samplers could also be

used, especially for sampling the cloud of soil ejected during and after penetrator firing.

At least three samplers of either type should bc placed within 10 to 15 m of the actual

impact areas and at different locations downwind form the impact area to a distance of

100 m. The samples should be collected within the 30 m radius of the catchmem facility

(Figure 8). These data will show the maximum cxpcctcd concentration of DU and the

duration or frequency of the D(J dust-yielding events, Dust sampling will also reveal ii”

l)iJ moves due to wind. repeated pcnetrator impacts. or bo[h, ‘I-hcdatu on 1)(J in dust

should be used to assess its effects on human health and exposure of dilfcrcnt ccosystcm

components. Samples should bc collcctcd tbr four to eight hours ti~ensure enough

material is collcctcd for and ysis. Swnplc size will depend on the nwthod of until ysis and

detection limits. Sumpling should bc conducted yearly and will include samples during

Iiring and scparutc surnplcs collcctw.i when no liring occurs. Replicate samples should IW
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collected for each. The total number of samples needed is 12 to 20 depending on the

number of samplers.

Vegetation. Vegetation plays an important role in DLJ transfer from soil

deposition to the fbod chain. Vegetation, while sparse in the GP 17A and GP 20 impact

areas, occurs iiequently in areas such as the arroyos at about 3500 m on the GP 17A

range (Figure 6). Vegetation in these contaminated areas should be sampled where

animals could consume potential 1y contaminated plant tissue. Samples of the vegetation

should be collected during early growth of new leaves during the spring and km] mature

plants in the fall. “l-heseasonal range in samples allows for weathering of any deposited

DU dust o~er the course of a growing season. hrnples shou!d be collected along the

same transects used for soil sampling or from the same place as soi Is sampled at other

locations. Vegetation samples immediately adjacent to soils should be collected when

ever possible so that the plantlsoil DU concentration ratio can be calculated. These

measurements w‘ also be used to periodical y assess the amount of DU transferred to

animals in the food chain. As discussed above, DU can be absorbed into the plant

through the roots and./or lx deposited on the surface of leaves as DU-contaminated dust.

Analyses of vegetation will show the amount of DU available from consumption

of vegetat ion. I+owever, the source of llJ(J on plants, whether incorporated form soil via

roots or surface deposition from air, remains unknown. 1f there is reason to differentiate

surface I)(! from incorporated D(-J, samples of YPG vegetation must bc collected then

subsampleci. onc subsiimplc is to be washwi ol”any surlhce coatings, the other is 10 be

imalym.i without washing. “Ilw two imalyscs will give the itnmunt of D[J that is absorbed

;::$WCIIas the amount ckpositcd fbrm the air. ‘l-otal D(J available from the vcge[ation

sourcu is the sum of both mctisunxl c(mccntriitions. wsuming that [hc whole pkmt is

uli Iizwl b! imirmls. SUmples of 500”g t~}1()()()g fresh or WC[weight mu nmhxl to UIIOW

for splits and drying bclim imiilysis,
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Currently there is no vegetation sampling required in the ERM plan {(J. S. Army.

1990). Sampling vegetation in the locations specified will show the etlects of DU

incorporation and surface deposition. Ile number of vegetation samples will be the same

as the number of soil samples. The number of vegetation samples within the 50 m radius

of the catchrnent facility can be a minimum of 5 and a maximum of 10, depending on the

density of the vegetative cover.

Bio/ogicai .%mpfes. Assessing the DU concentration of different animals in the

impact areas l~ill he accomplished through colhxxing kangaroo riits (Di/m.hJJm.~ sp. ) or

Iicld mice (Pcrognu/hus sp.) and analyzing tissue and organs from each individual. “l’he

riits and mice arc considered indicator species of DIJ contamination based on the results

of the ecosystem models. Lizards, kangaroo rats, and mice should be collected near the

soil sample locations in order to correlate DU in the animals with DU in soils. Biological

samples are a modification from the existing ERM plan and should demonstrate the low

DU concentration expected in the field. Sampling and analysis of animals that are l~-.ely

hunted near YPG. including ra~fiit. deer. dove. and quail, should be conducted. D(J

concentration in these si~pl(h~ will provide a more complete assessment of all pathways

for D(J ingestion by humans. even though the contribution to possible adverse health

effects will he small.

Locations where the penetrators initially strike the ground at GP 17A and (;P 20

arc of primm-y interest because of the rcla!ivcly high concentrations of D(J in the soil (10

to over 100 p(’i/g) and the potential for resuspension and redeposition of small 11[J

pwticlcs. Wc rwxmmwnd imnuul c(;llcction of 10 to 20 individuiil animals from the

initiid impact locations or from within 30 m ol”lhc (31’ 17A ciitchnwnt facility. five to tcn

individuals fnml locutions tiu-thcr down mngc and in the vicinity of the downriingc soil

trunswl. und up to live individuals from iin tirca thut is not afkwtcd by I)(J testing, ‘l-hcsc

data will show [Iw amount of ill I entering the food chuin at Y1’(i i.md will give

inlimnwiov tibout possible stress (m the ruts duc to I)(J ingestion. ‘1’hcdtitu fhml the
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different sections of the impact area will also show if there is a tiiffcwncc in Ill 1ingestion

related to the amount of DU available as redistributed p?.ititles. The sampling also

provides background or ba~eline data for comparison with impact-site samples.

The kidneys and the carcass of each animal should be separately analyzed for DU.

Kidney data will indicate possible biological stress due to DU in the diet, and carcass DU

will show the amount of DU that is available for transfer through the food chain.

Sampling of additional animals such as birds znd snakes is recommended as

supplemental data.
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L)U AND BEAT THE HARD INIPA(-T AND SOFT IMPACT RANGES

Nuclear artillery mGck-ups (e.g.. XIM 753) were lested froln 1954 to 1990 east and

south of the Kofa Range in the Soft Impact and Hard Impact areas (Figures 9- 12). (he

of the objectives of t~w testing programs involving these munitions was to recover the

inventory of materials that was fired. This objective was partially met during the course

of testing. Some DU and Be remain in the soils and should be monitored. There is an

active agricultural area about 10 km from the southeast resmvation boundary that could

bc significant 1}affcctcd by D1I ancilor [k migrating offthc silt. It is expected that

sampling at the nuclear artillery area will dwnwwtratc that health and safety in the

agricultural area arc rwt jeopardized by the past artillen Iesting.

ERM sampling in FY 1990 reports no evidence of Ill or Be migrating frum the
4...

eastern section of the Kofa Range. in the Hard 1mpact and Soft Impact areas~~ ) _

concentrations are elevated slightly above background in some cases; measured Be in the

air and soils of the impact areas is well below action levels (LJ. S. Army, 1990).

Originally there was an cxtcnsivc air sampling progriim associated with the nuclear

artillery tes~ program. but the monitoring data showed low 13cconcentrations in the air.

‘l-he air sampling program wus clisconlinuui in lalcr tests because there was no or

extremely low concentrations of Bc detected al Ihc impact arms,

Sampling DIJ and Be at YPG

Sampling for D(J in the I lard Impact and Soft Impact arcu will bc similar to

sampling in the (;l] 17A/(iI’ 20 wcas discussed above. ‘1’hus.soil sampling in the impoct

areas and in tircas that col]cct erosion and runoff from the impact areas will bc important.

Sediments irom iirroyos thi,it drain the 1)01{ impact areas. vegetation. and Iargc and small

munmmls should also bc si.unplu.l in the sumc numncr us tit (ii] 17A imd (ii} 20.
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13cSarnplmg

Naturally occurring Be. while no less a potential health threat when compared to

Be introduced during artillery tesling, should be distinguished from Be left in the iicld

after the DOE shots. Be I-rem beryl and other minerals could have locally high

concentrations due to weathering of rocks and soils that contain Be minerals. Unlike U

isotopes. Be isotopic ratios are of limited value in determining the source of Be in the

samples discussed above. Be occurs as YBc in nature almost exclusively. Small

quantities ot’ IWC and 713coccur as a result of cosmic irradiation of atmospheric nuclei

(ncu~ron capture andfor nuclear spallation) and from atmospheric testing of nuclear

weapons. l.he Ti3e isotope is short-lived with a half life of about 53 days, whereas the

10Be isotope has a half-life 012.5 to 2.9 million years. Spatial ardor temporal variation

in the amount of cosmic radiation received at a particular area could alter the Be isotopic

ratio independently of Be deposited by testing, artd such alteration would render Be

isotopic ratios ambiguous.

Air sampling in the impact areas should be considered even if low Be

concentrations are expected. (-.’onlirming low DC concentration in air samples at present

and demonstrating this trend from previous sampling could support decreasing the

frequency of De monitoring and could show that long-term monitoring is not necessary

from a technical standpoint, A similar argument can be made for Bc in soils. If soil

concentrations show low values. the frequency of soil sampling for 13ccould be modi!ied.

t Iowcvcr, sampling for D(J and Be provides u public rmxm.i of results even if

insignificant concentrations are hind.

‘1.hepathways of importance in both the 13cand [1(1 sampling are similar to the

pathways considered for the Koii Range at YPG. 13CCUUSCof the chcmictil hazmi to lung

tissue of Ilc. however. additional emphasis (m Ilc inlmlution should bc considmxi in the

1)011 impact areas. “1’hci.iir sampling done previously and udditiomd air sampling done



YPGERM.DC)U,Draft of519/94 ~g

urkr the modified ERM plan will help determine the prescncc or absence of inhalation

risks for humans and animals.

Environmental Sampling, Hard impact and Soft Impact Areas

Soil Sampling. The soil sampling locations shown in Figures 9-12, the number of

samples. and the sampling fi-equency adequately cover the Hard Impact and Soft Impact

areas. Moving sampling site 2946 (Figure 11) approximately 1000 m south would

proJide samples from soils more ;ikely affeclcd hy the impacts between grid squares

2746 to 2946.

Jfiu/cr i“run.sporf Sampling, We recommend two new water transpofi sampling

locations. one at the So!l Impact area and the other at the Hard Impact area. Location

6943 (Figure 10) could be moved south of the Hard Impact area to the 7241 (Figure 10)

grid square in order to provide one of the two new sampling locations. Alternatively,

locations 7241 could be established in addition to location 6943 (Figure 10) in order to

prot’idc improved coverage. “l”hesecond new sampling location should bc Iocatcd in grid

4349 (I:igure 12) near the Soft impact area. Location 4349 will be used to monitor the

D(J and/or Be that is eroded from the soft impact site. Both new locations should be

sampled annually with the other water transport samples.

~ege~u~km Sampling. Sampling vegetation in both the So!l and Hard Impact

arms is needed. The vegetation samples should be collected at the same time and from

the same locations as the mndom soil swnplcs; if no vegetation sample can be collected at ‘

each random soil location. llnci an areu where there is vcgc[ution and sample there. A

total of tcn yearly samples will bu collmtcd. 1f“D(J surhce deposition and incorporation

m to bc ciiI“fwcntiatui. vegetation samples should bc split and trcatwi as discussed for

vcgclalion samplwi Ir(ml [Iv: K:llti Range. ‘I”hcvcgc[uti(m stimplc data and the soil data

from u given co]lcction date should bc reportwi togclhcr so that soil [() vcgct~tion

concentration ratios can bc calculatw.1 if 1)( J and Ilc is found in eilhcr,



YPGERM.DOC, Draft of519/94 3(I

,4ir Sampling. Yearly air sampling within the Sofi Impact and 1h.m.iImpact areas

is recommended. Three to five samples from portable air samplers will provide data on

the tolal amount of dust and the DU and Be concentration in the dust. Continuous air

monitoring at the Sofi and Hard Impacts areas is not recommended because of the

extremely low concentrations of DU and Be repofied in previous ERM reports. Air

sampling from the two areas could be conducted simultaneously with the soil, water

transport, and vegetation sampling.

Biologi~bal .Sampling Five LOten kangaroo rats (Djpot{)mus .vpp.) should be

sampled yearly from the Iktrd impact and Soii impact areas (total of 10 to 20 animals).

Analysis of the lung conten~s for Be and the kidney and carcass for DU is recommended.

The data from the animals shm.dd be compared with the data on similar animals collected

from an area not affected by DU or Be testing. Animals collected for comparison to the

Kofa Range biotic samples could also be used for comparison to the Hard and Soft

Impact samples. We recommend live trapping of the rats, followed by cervical

dislocation and dissection to recover the necessary portions of each animal. Biological

sampling can be conducted at the same time as other sampling in these areas.
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Additional YPCJ Environmental Sampling

The existing ERM (U. S. Army, 1990) lists several water transport samples down

gradient horn the Kofa Range and the Hard and Sofl Impact areas. We recommend no

changes in locations, tlequency, or number of samples from these locations. These

monitoring locations will address DU and Be transport off the YPG resemation.

Continuous air sampling at the YPG bound~ and at locations on the Kofa Range

shows DU and/or Be concentrations well below action levels (U. S. Army. 1990).

lntermitten~ air sampling. such as sampling for two weeks per month. wwuld also provide

air concentration data that could be acceptable to the Nuclear Regulatory Commission

and other organizations with oversight authority. Modification of existing continuous air

sampling might also make resources available for additional sampling recommended in

this ERM plan. However, modification of the continuous air sampling record could draw

unwananted scrutiny of the air concentration data and may not be a wise action with

regard to providing a public record of sampling.

Periodic sampling of animals hunted near YPG should be conducted to show the

amounts of DU and Be that could enter the human fmd chain. Yearly sampling is too

frequent because of the minimal hunting pressure at YPG. However, five 10 ten samples

of tissue and internal organs every two to three ymrs would provide data on DU and Be

in animals near YPG. Caution should be exercised because data from a small number of

samples could lead to false conclusions about the source of DU and Be in the animals.

The small number of samples and the uncertainty about if and how long each animal was

in an impact area should be considered when making conclusions about possible D[J and

Be in hunted animals. Animals to collect include deer, dove, quail. and rabbit. Road kills

would provide an additional sampling opportunity to estimate the III-J and BC available to

humans through consumption of diltcrcnt animals. Data from tissue and organs of these

animals could provide valuable data on potential exposure to D(J andlor Bc.
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Analytical Methods for D(.J and Be

DU Analysis. a-Spectroscopy is frequently used to determine the concentrations

of ZJ4U, ZJ5U, and Z38U in soil, vegetation, and biological samples (e.g., Price, 1991).

Continued use of this method of analysis is advised because of its availability and relative

wide use. Isotopic ratios determined by a-spectroscopy are subject to relatively large

variation due to sample preparation and analysis of the instrumental data. These data are

not necessarily the best analytical tool for determining total ardor isotopic U in samples.

Inductively-coupled plasma/mass spectroscopy (ICP-MS). instrumental neutron

activation analysis (NAA), and kinetic phosphorimetric analysis (KPA) are three other

analytical techniques that could be used to measure total U ardor U isotope ratios in

samples.

ICP-MS is currently gaining acceptance for the analysis of U and DU in different

media. Detection limits tend to be similar to a-spectroscopy, sample preparation is

simplified compared to a-spectroscopy, and ICP-MS is less expensive per sample, on

average. than a-spectroscopy. Isotope mass ratios and total U mass-based concentrations

are obtained from lCP-MS, and mass concentrations are easily converted to activities

based on the measured isotope ratios. Isotope ratios determined from ICP-MS tend to

have less analytical error than the same ratios calculated from a-spectroscopy. Thus,

determination of the source of U in a sample is more certain using ICP-MS data. ICP-MS

was successfi.dly used in previuus work with YPG soil and sediment samples as well as

APG soil, sediment, and water samples (Ebinger et al, 1990). Sizes of samples from

soils. vegetation, and biota required br analysis range from about 1 to 5 g ot dried sample

(10-20 g wet. depending on the nature of the sample), or roughly the same size as for a-

spectroscopy.

‘rhc ICP-MS analysis involves some sample digestion in order to render the

analyte into a form compatible with the technique. Standard methods of preparation and

analysis should be adopted before the first samples arc analyzed so that all total U and U
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isotope analyses can be compared. Standard EPA methods (e.g., 200.7) for metal

extraction from soil and vegetation samples for lCP-MS analysis could easily be adopted

for use in this ERM with little or no modification.

Instrumental neutron activation analysis (lI&l) involves excitation of U nuclei in

a sample, then measuring the radiation emitted from the excited nuclei (Gladney el al

1976, 1978, 1980; Gonzales e~al, 1988). Radiation horn different nuclei identify the

element that produced a specific radiation. 238u ~d Z3SU produce radiation of

characteristic energies that are proportional to the amount of each isotope in a sample.

The energies emitted from the z~~U and ~~5U gilre quantitative estimates of the isotopic

ratio, thus the source of U is established. NAA also quantifies the total concentration of

U in a sample. and this quantity is converted to an activity-based concentration similarly

to ICP-MS data.

NM requires little sample preparation but does require slightly larger sample

sizes than ICP-MS or a-spectroscopy. Preparation of most samples consists of oven

drying for 24 hours at about 110° C. Some biological samples may need to be dried and

ashed, but there are no chemical digestions or extractions to perform. The main

drawback of NAA is the need for a research nuclear reactor facility or accelerator source

for neutrons. Bmokhaven National Laboratory, the University of Arizona, the University

of Missouri, and Texas A & M University are potential providers of NM capability.

The requirement of a reactor facility may limit the number of samples that could be

submitted for analysis. Despite the drawbacks, however, NAA is a method that should ~

considered.

Kinetic phosphorimetric analysis (KPA) is an instrumental method that uses a

tunable laser to excite the U or DU in a sample. The excited sample then Iuminesces in

direct proportion to the concentration of U or DU in the sample (Brina and Miller, 1992).

KPA is another method that requires little to no sample preparation and can be used to
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determine total U in soil. sediment. biological, human urine. and \vater samples. KPA.

like ICP-MS. is gaining popularity in the analytical market place.

KPA is a sensitive method of analysis with repotied detection limits for U of’ 1 to

5ng/L(3.9x 10~to 1.95 x 10_JpCi/1) in water and 1 to 3 ng/g(3.9x 10~to 1.17x 10-~

pCi/g) in soils. Reported data agree fi..a-ably with data obtained using other methods

and tend to show higher precision (Brina and Miller. 1992). Commercial KPA also tends

to be less expensive per sample than ICP-MS or a-spectroscopy, therefore providing nne

possible means to increase cost effedivencss of cnvironnwntal sampling. However. }..i’A

is not a technique that can be used to obtain the isotopic distribution of U (or other

analytes) in samples. The reported data are total U with no information about the

possible sources of the U. The low cost of the method. ease of sample preparation and

analysis, increasing availability for commercial use or for on-site installation, and the

high accuracy and precision of the method indicate that KPA could be used as a

quantitative screening method for samples to obtain initial information on which samples

would be likely candidates for isotopic analysis using different methods. The high

accuracy and precision of the data obtained from KPA screening would also provide a

cost effective means to augment the environmental sampling by analyzing more samples

per dollar. A two-stage analysis of environmental samples is suggested. The first stage

would use KPA to detect U in samples. The second stage would be triggered by samples

above a specified concentration, such as 10 pg/g-soil. Samples exceeding the specified

concentration would be analyzed again with a different method. ICP-MS or a-

spectroscopy will be used in the second phase to determine the isotopic ratio of the U in

the sample, thereby providing activity or isotopic ratios of the U. Analysis of

environmental samples in two stages would be a powerfid and cost-effective tool for

monitoring the fate of DU in the YPCi environrncnt.

Be Analysis. ICP-MS is the most reiiable method of analysis for Be from samples

in the Hard Impact and Sofi Impact areas at YPG. Detection limits are low enough that
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Be can be detected routinely, and sample preparation for Be analysis is similar to

preparations for other analyses and would not, therefore, require significantly more

manpower to prepare. As discussed above, analysis of isotopic ratios of Be, while

interesting, may not be of direct relevance to the ERM sampling. Instead, the

concentrations of Be in impact areas should be statistically compared to “background” Be

concentrations, i.e., Be concentrations obtained fiwm samples collected from remote

locations. Remote locations should be chosen carefully to ensure that Be concentrations

reported come from geological settings similar to those of the impact areas.

Sample preparation of soils, vegetation, and biotic samples will be similar to that

discussed above for ICP-MS analysis of other YPG samples. Care should bc taken to

account for Be in the samples extracted from rocks and minerals, i.e, background Be.

Analysis of samples outside the areas afkted by IN and/or DU and Be testing should be

included in the routine ERM sampling in order to establish local background Be

concentrations. Statistically compaxing samples from the impact areas to background

samples will indicate the origin of detected Be.

Quality Control/Quality Assurance (QA/QC)

Formal quality assurance/quality control (QA/QC) procedures should be

deveioped in order to ensure that samples are collected and prepared in a consistent

manner, sample handling is tracked, and the results from analytical laboratories are the

best possible (NRC, 1979). Submitting blanks, multiple samples, and samples with

known amounts of DU (i.e., certified standards) are recommended. If submitted to

analytical laboratories as regular samples, the analytical results of blanks, multiple splits,

and certified standards wil I be checks on the quality of the methods used by the

laboratories. QA/QC considerations, e,g., chain of custody for all samples, also apply to

sample collection, storage, and treatment before analysis. Formal procedures must be

used to ensure consistent collection of samples in the field and sarnplc preparation before
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anal ysis in the laboratory. There should be a set of written procedures for al I

environmental sampling and arudyscs, and the procedures should show control of samples

from the time of sample collection through the time the sample is sent to the laboratory

and data are returned fi-om the laboratory. AEHA Form 235 (Chain of Custody) was

successfully used for sample tracking during the study conducted by Los Alamos and

could be used as is for the environmental sampling. NRC Guide 4.15 (NRC, 1979)

provides detailed discussions about QA/QC related to sample handling and chemical

analysis.

T~acking the status of samples via personal computer-based databases would

provide a relatively simple means of recording sample information. Sample status

information can be easily added to a database, and data from the analytical laboratory can

be incorporate 1 after data are received. Information stored on a database would facilitate

reporting of DU concentrations as required and would centralize the avnilable data on DU

in the YPG environment. Log books for recording field obsematicms, lab notes, and

deviations from written procedures should also accompany any electronic database. Log

books would be the primary record for any sample, treatment, or analysis, and

information in the log books would be transcribed to the electronic database. Log books

would be a permanent record for all ERM activities as would the electronic database aud

backups. Finally, an annual date for publishing an account of the preceding year’s data

and interpretations should be established. Yearly publications of ERM sampling results

would provide a record that could bc referenced and would be a readily available resource

cm the YPG environment.
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APPENDIX A

Number of Samples for ERM
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List of sample numbers and locations for YPG ERM plan.

Active inactive
Kofu Soil

GP 4 24 4

GP 17A 24 4
GP 17A, with Catchbox 10 4

GP 4 10
(+4 Soulh of GP4)

GP17A 10
(with 5 south of GP 17A)

GP 20 10
(with 6 north of GP 20)

Tlwlls 3(I+15

(;P 4

(;P 17A

GP 20

“1’l)ltils

1?gclllti(w

(ii) 4

(;1’ 17A

(i]’ 20

‘I”(mlls

3-5

3-5

3-5

910 I 5

5

5

5

15+15

4

4

4

12
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Biological Samples (Mammals, Lizards)

GP 4, GP17A, and GP20 10-20 at 1st
(per site) impact

5-10 al 2nd

transect
5 from

background
Totals (per site) 20 to 35

Soil

Io[als

Sediment

Vegetation

Air Sampling

13iologicid

5

5

10

1lard Impact SOtl Impact
10 8

7 1

10 8

3-5 3-5

5-10 5-1o

351042 25 to 32
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